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CHAPTER I 
INTRODUCTION 
In 1984, 30,000 acres of Massachusetts farmland were planted to 
alfalfa hay (21). Where conditions permit, alfalfa hay is usually the 
first choice of most dairy farmers because it has the highest feeding 
value of all commonly grown haycrops (10). The importance of alfalfa 
to a farming operation was demonstrated by a survey conducted for a 
1985 alfalfa IPM study (Putnam 1985 unpublished). From a randomly 
chosen sample of Massachusetts farmers, 202 replied that alfalfa was 
"extremely" important to the operation, while 502 replied that alfalfa 
was "very" important to their operation. The remaining 302 indicated 
that alfalfa was somewhat important. 
A vigorous, healthy stand of alfalfa hay should last 4 to 5 years 
or longer under proper management, which includes adequate fertility 
and optimiim cutting practices. Inadequate fertility, particularly 
potassium, and frequent cutting will decrease the vigor of the stand 
(43). 
Potassium is important in maintaining a healthy, vigorous stand of 
alfalfa. Some studies indicate that potassium will increase 
winterhardiness (1, 33, 40, 48). Potassium has also been found to have 
an effect on photosynthesis and carbohydrate transport to the roots 
(7, 15, 22, 27). 
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While potassium may be important in the transport of 
carbohydrates, cutting management is important in maintaining adequate 
levels of carbohydrates in the roots of alfalfa. Carbohydrates display 
a cyclic pattern of depletion after cutting followed by accumulation 
after regrowth of the plant (24). Such a pattern of depletion and 
accumulation has led some researchers to recommend a regrowth period of 
4 to 6 weeks prior to the killing frost as necessary to alfalfa 
survival in the Northeast (37). It has been suggested that alfalfa 
needs this 4 to 6 week period to accumulate a level of carbohydrates in 
the roots that is adequate for overwintering the plants and available 
for regrowth the following spring (39). 
In Massachusetts, most farmers take the third cutting of hay 
around September 1st. Since the date of the killing frost can not be 
predetermined, farmers abiding by the old recommendation of 4 to 6 
weeks growth prior to the killing frost have not risked taking a fourth 
cut, or have taken a fourth cut not knowing for sure what the long term 
effects might be. 
The Soil Conservation Service, however, relying on information 
from Central Pennsylvania, has recommended that a fall cut within this 
4 to 6 week regrowth period appears to be safe if 45 to 50 days have 
passed since the previous cut. No research has been done in 
Massachusetts to support this recommendation. 
CHAPTER II 
LITERATURE REVIEW 
Fall Harvesting 
Stand persistence and a high yielding quality alfalfa crop can be 
important aspects of a livestock farming operation. Decisions on how 
to manage alfalfa will effect yield, quality and stand persistence, A 
particular management decision that has been of interest to farmers and 
concerned agronomist in the past was the decision to take a late fall 
cutting of alfalfa. 
Past studies in the southern states by Scholer et al. (38) have 
demonstrated that a late fall cutting does not seem to effect the vigor 
of an alfalfa crop. Mays and Evans (21) found that a hardy, well 
adapted variety of alfalfa grown in Alabama was not sensitive to the 
date of the last cutting. Mild winter weather and the presence of some 
green tissue all winter for photosynthesis may have prevented a large 
depletion of root carbohydrate reserves. Similar results have been 
obtained by Reynolds (31) in different cutting schedules over a three 
year period in Tennessee. Making more than 5 cuts a year reduced 
carbohydrate levels and yields of alfalfa, whereas two, three, and four 
cuts a year had no effect on yields. 
Smith (41), after looking at the data collected by researchers 
experimenting with fall cutting effects on alfalfa, came up with a 
3 
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general recommendation for fall harvesting. The recommendation stated 
that a 4 to 6 week period of growth prior to the killing frost was 
necessary for alfalfa survival in the Northern States. This period was 
defined as the "critical fall period", and in the Northeast United 
States and Canada is approximately early September until mid-October 
(39). 
Twamley (48) tested different varieties, cutting dates and 
fertility levels and found that under low fertility regimes, fall 
cutting increased the susceptibility of winterkilling and decreased 
yields the following season. High potassium fertility resulted in a 
more persistent stand and higher yields. 
Results from different harvesting schedules have shown that after 
two years of cutting, the highest yields were obtained from plots 
deceiving three cuts per year at 1/lObh bloom and the final cut taken 
prior to September 1st (19), Lowest yields were obtained from plots 
harvested four times a year at 1/10^^ bloom with the fourth cut on 
October ist. 
In Saskatchewan where alfalfa has been routinely harvested using a 
2 cut system, Ix~vine and McElgunn (16) found that after studying the 
effects of eight 3 cut harvesting schedules, a 3 cut system where the 
first two harvest were taken at 102 bloom and the final harvest after 
growth had ceased in October gave the highest yields. The second 
highest yields were achieved by the normal 2 cut system. 
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More recently, Gervais and Bilodeau (9) also studied a two harvest 
versus a three harvest system in the Quebec province of Canada, and 
reported results similar to Irvine and Me Elgunn (16), They 
demonstrated that fall cutting at weekly intervals from the end of 
September reduced both the yield and stand density, the earliest 
cuttings being most harmful. The total nonstructural carbohydrates 
(TNG) increased only slightly with the later cutting in September. 
They found that a 2 cut system resulted in better stand persistence and 
overall vigor compared to a 3 cut system. 
Until recently, farmers followed Smith's (39) recommendation and 
researchers did not question its validity, and although the research of 
Irvine and Me Elgunn (16), and Gervais and Bilodeau (9) appear to 
support Smith's recommendation, several recent studies have questioned 
the concept of a "critical fall period" and have considered more 
flexibility in fall harvesting schedules. 
Stringer, Lanyon and Leath (46) studied different fall cutting 
dates with an emphasis on days of regrowth following the final cut of 
summer rather than days of growth prior to the killing frost as is 
stated in Smith's recommendation. Plots were harvested on three dates 
(Sept. 5, Sept, 20, and Oct. 4) with either 28, 35, or 42 days of 
regrowth prior to the cut. There was no yield reduction with harvest 
at any of these dates when 42 days of regrowth accumulated before the 
cut. Plots harvested on September 5th with 35 days regrowth also 
showed no reduction in yield. Only those plots cut at these dates with 
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only 28 days recovery showed a reduction in yields the following 
spring. 
it 
Brink and Martin (3) compared contemporary versus traditional 
harvest management and found that harvesting a third crop in mid- 
September significantly reduced stand survival and plant vigor. As 
with Stringer et al., (46) Brink and Marten (3) found that harvest 
interval during the growing season was more important than the fall 
harvest date in determining alfalfa survival. 
A study by Tesar and Yager (47) examined the effect of fall 
cutting management in Michigan on several varieties of alfalfa. These 
varieties varied in their susceptibility to disease and 
winterhardiness. Tesar and Yeager (47) demonstrated as did Stringer et 
al (46) that with good fertility management and winterhardy varieties, 
it is not the calendar date of the third and final cutting that effects 
winter survival or subsequent production in the Northcentral or 
Northeast states, but rather it is the interval of time between the 
second cut of summer and the third cut in the fall which is important. 
He observed that this time interval needs to be long enough to allow 
for flowering and adequate carbohydrate levels. 
Sheaffer et al (36) conducted a relatively long-term study (over 
seven years) of cutting management of alfalfa in five different 
environments throughout Minnesota. Sheaffer considered Smith's 
concept of a "critical period" as too simplistic" because it did not 
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take into account differences due to location, environment, and the use 
of varieties with differing winterhardiness. In Northern Minnesota 
where only 3 cuts per season are possible, a third cut taken in mid- 
September, or 8 weeks following the third cut, caused long-term risk to 
stand persistence but consistently gave higher yields during the first 
two years (36). This was due to the delay in the third cut. The 
recommended system with a third cut in early September gave better 
stand persistence. Sheaffer (36) reported that even though there is a 
long-term risk in the harvest system with a third cut in mid-September, 
farmers who are good managers may want to take this risk for the short 
term benefits of higher yields. 
Carbohydrates 
While researchers have experimented with differing fall 
harvesting schedules and reached differing conclusions as to the effect 
on yields and stand persistence, one aspect of cutting management 
considered in many studies is the effect of cutting on the carbohydrate 
reserves of the plant. 
Perennial forage plants accumulate different types of 
carbohydrates depending on the species. According to Smith (42), 
starch is the primary non-structural polysaccharide accumulated in the 
Legxaminosae family and in all grass and legume seeds. Total 
nonstructural carbohydrates, (TNC) the term most frequently seen in 
literature on alfalfa management studies, consist of starch, the 
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storage carbohydrate (both the reducing sugars glucose and fructose 
which along with sucrose comprise the total sugars) (43). Analyzing 
for TNG gives an indication of the amount of carbohydrates available to 
the plant for growth and use in various metabolic functions. 
Numerous studies on the effects of cutting on carbohydrate 
reserves in the plant have been reported (4, 8, 19, 26, 29, 39, 45, 
49). In general, it has been found that carbohydrates in alfalfa roots 
display a cyclic pattern of depletion after cutting, followed by 
accumulation after regrowth. Once the plant has produced enough 
regrowth to begin photosynthesizing, it eventually begins transporting 
this photosynthate back to the roots where it is accumulated. 
Most of the early studies on cutting management and the effects on 
carbohydrate reserves were concerned with the time and frequency of the 
harvest. Smith (39), studied carbohydrate root reserves in alfalfa 
under several cutting schedules. The harvest schedules consisted of 
three cuttings with 6 week intervals between cuttings, two cuttings 
with 8 week intervals, and no harvest taken. Smith found that taking 
only two cuttings maintained the highest level of carbohydrates 
compared with three cuttings. 
Reynolds (31) studied carbohydrate trends in alfalfa in Tennessee 
under cutting schedules of 8, 6, 5, 4, 3 and 2 cuts per year with the 
number of weeks between harvest being 3, 4, 5, 6, 8, and 12 
respectively. Reynolds observed the cyclic pattern of depletion and 
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accumulation in all the cutting schedules, but found in particular, 
that frequent cuttings reduced carbohydrate reserves and yields. Over 
a two year period,^alfalfa cut five six and eight times showed a 
reduction in yield. In the third year, all treatments (except the 8 
cut which was discontinued the second year) were harvested four times. 
After three years of cutting treatments there was no positve 
correlation between carbohydrate levels in the fall of the second year 
and yields in the spring of the third year. All cutting treatments had 
the same level of carbohydrates in the fall, yet the three and four cut 
treatments yielded higher than the five and six cut treatments. 
Based on the understanding of the cyclic pattern of carbohydrates 
in the roots of alfalfa, and these studies observing time of cut with 
carbohydrate levels, researchers have determined that the best time to 
cut alfalfa during the summer is full bud to first flower for the first 
cut and lOZ bloom for the second and third cuttings. At this growth 
stage, carbohydrate levels are not at their highest, but are 
sufficiently high enough to allow for regrowth without weakening the 
plant. It is also at this time that alfalfa is at the best quality as 
feed for livestock. 
It has been more difficult to determine the best time to take a 
late cut in the fall based on growth stage of the plant. Most of the 
earlier studies, including those by Smith which led to the development 
of his theory on the "critical fall period" were based on the theory 
that alfalfa needs a rest period after the beginning of September in 
10 
order to accumulate sufficient carbohydrates to carry the plants 
through the winter. 
Some researchers, however, have begun to question this theory. 
Since there is a wide range of hardy, disease resistant varieties of 
alfalfa available, and since soil type and climatic conditions can 
differ depending on location, some researchers have questioned whether 
fall cutting would actually deplete carbohydrate reserves as Smith's 
theory states. 
In a study conducted by Stringer (45) which observed autumn growth 
and total nonstructural trends in several alfalfa dormancy types, he 
suggested that alfalfa may demonstrate different carbohydrate trends in 
the fall compared with the summer, and these differences may be the 
reason for the variety of findings on fall cutting response to alfalfa. 
Brown et al, (4) observed the effects of cutting management on 
nonstructural carbohydrates in dormant versus non-dormant varieties. 
Brown experimented with two varieties of alfalfa; "apollo", a dormant 
variety, and "FLA-77", a non-dormant variety, Apollo maintained 
slightly higher total nonstructural carbohydrates than FLA-77, In 
general. Brown et al (4) observed that both varieties had high total 
nonstructural carbohydrate levels in the spring which then decreased 
with each harvest until the Fall when levels began to increase again. 
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Potassium 
Since the earl^ work on alfalfa management, researchers have been 
interested in the factors effecting yield and stand persistence. Yield 
and stand persistence are both effected by the overwintering of alfalfa 
which is why researchers have been concerned with the effect fall 
cutting will have on the winter survivability of alfalfa. 
One management factor besides cutting schedule thought to aide in 
the overwintering of alfalfa is soil fertility, particulary potassium. 
Smith (38) in a review of winter injury in forages, noted that although 
the exact role of potassium in the development of winterhardiness is 
not known, a high level of potassium in the soil solution is essential 
for maximum winterhardiness. 
Some researchers have linked potassium to increased CO2 
assimilation and carbohydrate supply to the roots of plants (22), Reid 
(30) studied alfalfa growth in the greenhouse under differing levels of 
potassium fertility and found that plants receiving increasing amounts 
of potassium produced greater yields of tops and roots, as well as a 
higher concentration and amount of reserve carbohydrates in the roots. 
Cooper (7) conducted a similar experiment and found that the rate of 
accumulation, leaf size, and weight per unit area of the leaf increased 
as did the stomatal number and aperture. Cooper also observed that net 
photosynthesis of excised leaves increased with potassium applications. 
Peoples et al (27) studied the interaction of potassium fertility and 
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C02 assimilation in alfalfa and observed that dark respiration 
increases at severe potassium deficiency, mild potassium deficiency 
increases mesophyll resistance while severe potassium deficiency 
increased stomatal resistance. Romero et al (32) also looked at 
potassium response of alfalfa in the greenhouse, but unlike the other 
investigators, did not find a relationship between winterhardiness and 
yield response to applied potassium. 
Experiments looking at alfalfa response to potassium in the field 
have observed different responses. Twamley (48) found that addition of 
potassium to the soil, or soils with high potassium fertility resulted 
in more persistent stands and higher yields. Bailey (1) discovered 
that soils low in exchangeable potassiiom required an annual application 
of 200 kg/ha/yr to produce maximum yields in Eastern Canada. Alfalfa 
did not respond to applications greater than 200 kg/ha/yr. Bailey 
observed that when the potassium content in the forage was less than IZ 
severe winter injury occurred and yield decreased. Bailey also 
observed, as did Twamley, that with adequate potassium fertility, fall 
harvesting had no detrimental effect on alfalfa production. 
Lutz (19) applied five levels of potassium to field grown alfalfa 
using a central composite design, and over a five year period found 
that alfalfa yields did not respond to potassium fertilization. 
Similarly, there was no significant difference in K concentration of 
tissue samples collected in the first three years. It was not until 
the final two years that potassium concentration in tissue sampled from 
untreated plots was significantly less than those plots treated with 
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potassium. Lutz concluded that deep rooted crops such as alfalfa are 
probably utilizing exchangeable potassium from below the 0 - 15 cm soil 
depth, and when soils are high in exchangeable potassium, an effect on 
yields due to potassium fertility may not be noted. 
CHAPTER III 
MATERIALS AND METHODS 
Plant Material 
Alfalfa was seeded in August 1983 with 18 kg/ha of the variety 
Saranac AR at the University of Massachusetts research farm in South 
Deerfield. Eptam (4.0 Ib/ha) had been preplant incorporated for weed 
control. Two experimental designs were used to investigate fall 
harvest management. 
Using a factorial design in one study, alfalfa was managed so the 
third harvest was taken at an appropriate growth stage (first flower to 
10% bloom) before August 30th, Treatments were as follows; 
Fall Harvest Management: 1. A fourth harvest taken 4 weeks after 
the third harvest. 
2. A fourth harvest taken 6 weeks after 
the third harvest. 
3. A fourth harvest taken immediately 
after the killing frost (-4.50 C). 
Potassium Fertility: 1. 200 kg/ha/yr 
2. 700 kg/ha/yr 
The fertility rates were applied in split application with half of each 
rate applied immediately after the spring harvest and the remainder 
14 
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applied after the third harvest. In 1986, these rates were reduced to 
0 kg/ha/yr and 350 kg/ha/yr applied in split application. 
In the second study a central composite design (6) in three 
incomplete blocks was laid out to evaluate the interaction of three 
factors at five levels of each factor. The treatment levels of these 
factors applied to a 5 X 6 meter plot were as follows: 
Potassium rate (K2O) 200 320 500 680 800 kg/ha/yr 
Phosphorus rates (P2O5) 50 90 150 210 250 kg/ha/yr 
Fall Cutting interval 
after third cut 28 31 35 39 42 days 
This design was set up to supplement the information gathered from 
the factorial design. 
Yield 
At the appropriate growth stage, (first flower to lOZ bloom) 
alfalfa was harvested with a sickle bar mower, weighed and subsampled 
to determine moisture content of the harvested forage. Final yields 
were expressed in Mg per ha hay equivalent (12Z moisture). 
Weed Content 
A second subsample was taken from the original yield sample to 
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determine the weed content of the forage. Each plot was sampled, taken 
back to the lab, sorted and separated into broadleaf weeds, grassy 
weeds and alfalfa. These separates were dried, weighed and the 
percentage of weeds in the sample determined. This type of sampling 
was not necessary in 1984 and the beginning of 1985, as there were 
little or no weeds present in the plots till the end of the 1985 
growing season. 
Potassium 
In order to determine the effects of the potassium fertility 
treatments, subsamples were taken at the time of harvest, dried 
ground and analyzed for potassium using a dilute HCL solution procedure 
(34,35). The percentage of potassium in the plant was then determined 
on an atomic absorption spectrophotometer. 
Visual Rating 
In the beginning of the 1986 growing season, a visual rating of 
the alfalfa plots was taken to determine any visible effects from 
harvesting the previous fall. All plots in the complete randomized 
block design were rated for weed content, standabillty (a full or 
sparse stand), and plant'vigor. The ratings were based on a numerical 
scale. For weed content, a rating of 1 meant less than lOZ weeds, and 
5 meant greater than 50Z weeds, A rating of 1 for standabillty meant a 
sparse stand is indicated, a rating of 5 meant a full stand was 
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present. Finally, for vigor, a rating of 1 meant that the majority of 
plants were healthy, and a 5 meant that plants were weak. 
Disease and Insect Ratings 
Roots dug for carbohydrate analysis in the summer of 1986, were 
also evaluated for insect and disease damage to determine if fall 
cutting or potassium fertility treatments had any effect on these 
parameters. Roots were rated for Sitona sp damage by estimating the 
percentage of the root area covered by Sitona sp lesions. The crowns 
of these plants were also examined for rotting caused by Fusarium sp a 
common pathogen of alfalfa root and crown tissue. The percentage of 
the crown tissue damaged was estimated. Isolation of the plant tissue 
to determine the pathogen causing the damage were performed by Dr. Dan 
Cooley of the Department of Plant Pathology, University of 
Massachusetts, at Amherst. Furadan was applied after the first harvest 
of 1986 as an insect control treatment for Sitona sp. All plots were 
split in half with one half receiving a Furadan treatment and the other 
half left untreated. This treatment increased the plot number in the 
experiment from 18 to 36. 
Carbohydrates 
In the fall of 1984, alfalfa roots were dug from the field at 
weekly intervals and analyzed for total nonstructural carbohydrates 
(TNC) to determine the effects of fall cutting on carbohydrate levels 
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in the plant. In 1985, plants were initially sampled in early spring 
to examine the level of carbohydrate reserves following the 
overwintering of the plants. Throughout the summer of 1985 roots were 
dug bi-weekly to follow summer trends in carbohydrate storage and 
utilization. Similar sampling was continued through the fall of 1985 
and spring of 1986. 
Once the roots were dug from the soil, they were washed to remove 
any soil particles, and then cut into 1 centimeter pieces to facilitate 
drying and grinding. Roots were kept on ice while being transported 
from the fields to the drying ovens. The roots were then dried in 
forced draft ovens at 700 C for 24 hours. After removal from the 
ovens, the roots were stored in coin envelopes which were then enclosed 
in sealed plastic bags till they could be ground. 
Samples were ground in a Wiley Mill using a 40 mesh screen. After 
grinding, 200 mg of the sample were weighed and placed in a 50 ml 
flask. 
Ethyl alcohol (95Z) was added to each sample to extract any free 
sugars such as sucrose. Following the ethyl alcohol, 15 mis of 
distilled water were added and the samples were boiled for 15 minutes 
on a hotplate to gelatinize the starch. After boiling, extracts were 
cooled to room temperature before adding 10 mis of a buffer and 10 mis 
of Mylase 100 enzyme (a fungal alpha amylase). After addition of the 
enzyme and buffer, the samples were placed in a water bath and 
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incubated for 48 hours. During incubation, the samples were swirled 
occasionally to mix together any tissue that had moved up the flask 
over the 48 hour period. After the 48 hours of incubation were 
completed, the samples were removed from the water bath (38^ C) and 
filtered through Whatman #1 filter papers into 100 ml volumetric flask. 
After filtering, the samples were brought to volume and refrigerated 
until they could be analyzed for total nonstructural carbohydrates. 
A standard curve from a given set of glucose standards was 
obtained prior to sample analysis. Glucose standards were prepared in 
a range of 100 to 500 PPM from a stock solution of ASC grade glucose. 
Ten mis of potassium ferricyanide solution were added to test tubes 
containing varying aliquot sizes from several root extracts. The test 
tubes were then mixed on a Vortex shaker, placed in test tube racks and 
boiled for 5 minutes. After 5 minutes, the samples were removed from 
the boiling water bath, cooled to room temperature, remixed and 
analyzed on a spectrophotometer set at a 422 run wavelength. The 
ferricyanide, a dark yellow solution, reacts with the glucose following 
heating to form a clear solution. The lower the absorbance reading on 
the spectrophotometer, the higher the amount of glucose present in the 
sample. 
Upon determining a standard curve and sample aliquot size, each 
sample root extract is analyzed according to the same method described 
above. 
CHAPTER IV 
RESULTS 
Yields 
Experiment I-Complete Randomized Block Design 
Potassium had no effect on yields in this experiment (see appendix 
tables 1-6). Fall harvest management did, however, have an effect on 
yields. Initially, fall cutting treatments resulted in an increase in 
yields, with no detrimental effects. It was not until the third year 
of the experiment, following two years of fall management that a 
reduction in yields was observed. 
In 1984, when fall cutting treatments were initiated, the 6 week 
and after the killing frost harvest treatments produced higher yields 
for the fourth harvest compared with the 4 week treatment (Table 1), 
This difference in fourth cut yields due to harvest time would be 
expected since the longer the regrowth period in the fall, the more dry 
matter would accumulate thus increasing yield. However, this 
difference in yields due to fall cutting was not significant in the 
total yields of 1984 or the spring yields of 1985 (Table 1). 
With fall cutting treatments initiated for the second year in 
1985, results for fourth cut yield data in 1985 were similar to 1984 
20 
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Tabl* 1. Alfalfa Ylalda 1984 and Spring 1985 
Fall Harvaat 
Traatmant Fourth Cut 
1984 
Total 
1985 
Spring 
4 vka aftar 
third harvaat 
1.37 14.2 6. 25 
6 vka aftar 
third harvaat 
2. 13 14. 6 5. 49 
Immad. aftar 
killing froat 
1. 86 13. 4 6. 36 
LSD 0.05 0. 60 na na 
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(Table 2). Fourth cut yields were higher for the 6 week and after the 
killing frost treatment compared with the 4 week treatment. Total 
yields in 1985 were higher than 1984 and were not significantly 
different due to fall cutting treatments. Beginning in 1986, their was 
an effect on both spring yields and total yields due to fall cutting 
treatments (Table 2). 
In 1986, it was the 6 week fall cutting interval which reduced 
yields compared with the 4 week and after killing frost treatment. 
Overall, yields in 1986 averaged 12,1 Mg/ha, a 29% reduction over 1985 
yields. 
Experiment II- Central Composite Design 
Yield data collected from the central composite design was similar 
to that collected from the complete randomized block design. The only 
significant difference in yields occurred during the fourth cutting 
period of 1984 and 1985. At these times, yield was dependent only on 
harvest period (Table 3), potassium and phosphorus had no significant 
effect on yields. In both 1984 and 1985, as the days of regrowth prior 
to the fourth harvest increased (Figure 1 and 2) yield also increased. 
The difference in yields due to fall cutting interval was greater in 
1985 compared with 1984. 
There was no yield data in 1986 for the central composite design 
as this experiment was completely winterkilled possibly by ice sheet 
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Table 2. Alfalfa Yields 1985 and 1988 
Fall Harvest 1985 1986 
Treatment Fourth Cut Total Spring Total 
4 vks after 
third harvest 
0. 98 
-Hg/ha- 
15. 0 4. 48 12. 75 
8 vks after 1. 84 15. 0 3. 99 12. 11 
third harvest 
Immed. after 2. 33 18. 0 4. 75 13. 24 
killing frost 
LSD 0.05 0. 40 ns 0. 80 0. 85 
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T*bl« a Conitanti and aoaffaoianti of raaponaa aurfaoa for 
alfalfa yialds in 1964-1985. 
1964 1985 
4th Cut 
Hg/ha 
Total 
Hg/ha 
Spring 
Hg/ha 
4th Cut 
Hg/ha 
Total 
Hg/ha 
Tarm 
Conatant 1.6 11.5 4.0 1.8 10.9 
(Potaiiiurn) 0.04 0.08 -0.18 -0.09 -0.32 
X2 (Phoaphorua) -0.03 -0.05 0.11 0.04 0. 17 
X3 (Harveat) 0.18a -0.06 -0.14 0.47a 0.40 
-0.09 -0. 17 0.54 -0.06 0.05 
0.01 -0.09 -0.15 -0.07 0.09 
0.009 0. 1 1 0.07 0. 18 0.09 
XiXg -0.07 -0.21 -0.06 0.06 0. 12 
X1X3 0.004 -0.53 0. 12 -0.004 0.30 
X2X3 -0.05 -0. 17 -0.01 0.16 0.33 
S.E. Linoar 0.05 0. 30 0.08 0.13 0.19 
S.E. Quadratic 0.05 0.30 0.08 0.14 0. 19 
S.E. 1ntor. 0.06 0.38 0. 10 0. 1 7 0.25 
X 70 30 66 67 60 
C . V. X 12.1 9.7 7.6 31 6.5 
r 
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Fourth Harvest 1984 
Fall Cutting Interval (days) 
Figure 1. Effect of fail cutting interval on fourth cut yields in 
1984. 
r 
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Fourth Harvest 1985 
Figure 2. Effect of fail cutting interval on 
1985. 
fourth cut yield in 
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formation on the plots in January of 1986. 
Potassium Content 
Experiment I - Complete Randomized Block Design 
While there was no effect on yields due to potassium fertility 
treatments, the split application of 200 kg/ha/yr for the low fertility 
treatment and 700 kg/ha/yr for the high fertility treatment did affect 
potassium content in the plant. Forage samples analyzed from the third 
cutting in 1985 and the first, second and third cuttings of 1986 
demonstrated a significantly higher level of potassium in those plots 
receiving the higher fertility treatment (Table A), However, even 
those plots receiving 200 kg/ha/yr in 1985, which then was reduced to 0 
kg/ha/yr in 1986, had more than an adequate supply of potassium in the 
plant. All samples, regardless of the amount of potassium applied, 
were above 2.2% potassium. This amount is stated as being the critical 
concentration of potassium in alfalfa. 
Experiment II - Central Composite Design 
Results similar to the CRB design were obtained with the central 
composite design. There was no significant effect on yields due to 
potassium fertility treatments. Plant potassium content was well above 
the critical nutrient level across all fertility levels. There was a 
significant effect of potassium fertility treatments on plant potassium 
Table 4. Plant Potaaalum Content 1985 and 1986 
K Applied* 1985 1986 * 
Kg/ha lat Cut 2nd Cut 3rd Cut lat Cut 2nd Cut 3rd Cut 
200 
700 
4. 9 
4. 8 
3. 2 
3. 4 
-%K Inthe 
3. 2 
3. 9 
plant•• 
4. 0 
4. 9 
4. 7 
4. 9 
4. 1 
4. 6 
LSD 
0. 05 
na na 0. 31 0. 72 na 0. 48 
Split application following 
•Critical concentration 1. 
lat and 
7-2.2X . 
3rd cut. 
< Martin and Mataucha 1973). 
••• K applied in 1986 waa reduced to 0 and 350 kg/ha/yr. 
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content of forage samples taken at the third cutting of 1985 (Table 5). 
Plant potassium content increased as the level of potassium applied to 
the plots increased. 
Weed Content 
The use of Eptam as a preplant incorporated herbicide resulted in 
good weed control during the establishment of the crop. Once the crop 
became established, there was a solid stand of alfalfa and the invasion 
of weed species did not occur for the first two years. At the end of 
the third year, grassy weeds, particularly crab grass, began to 
establish themselves in the stand. Separations taken during the third 
cutting of 1985 showed no significant difference in weed content due to 
fertility treatments or fall cutting management (Table 6), 
Beginning in 1986, a change in the composition of the stand was 
observed. The first or spring harvest of 1986 demonstrated a 
significant difference in weed content due to fall cutting interval. 
Those plots harvested after the killing frost contained less weeds than 
the 4 week and 6 week treatments (Table 6), This trend continued into 
the second harvest with both the 4 week and after the killing frost 
having a lower percentage of weeds compared with the 6 week treatment. 
In this harvest, there was also a potassium effect on weed content 
(Table 7) with those plots receiving higher potassium, also having a 
higher percentage of weeds (Table 7), 
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Tabla 5.Constant* and aooffioianta of roiponao lurfaoa for plant 
potassium contont in 1985. 
Torm 1st Cut 2nd Cut 3rd Cut 
Constant (X K) 4.75 3.53 3.86 
X, (Harvaat) -0.04 0. 11 -0.01 
X2 (Phosphorus) 0.03 0.06 0.06 
X3 (Potassium) -0.06 0.13 0.22b 
-0.03 -0.14 -0.07 
0.09 0.03 -0.0008 
X"3 0.03 -0.03 0.05 
X1X2 -0.13 0.20 0.007 
XiX3 -0.29 -0.03 -0.12 
XaXa -0. 13 0.05 0. 16 
S.E. Linoar 0. 1 1 0.08 0.08 
S.E. Quadratic 0.1 1 0.08 0.08 
S.E. Intaractivo 0. 14 0. 1 1 0. 1 1 
X 50 60 60 
C. V. X 8.4 8.8 8.0 
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Table 6. Weed Content at Each Harveat 
Fall Harv. 1985 1988 
Trt. 3rd Cut lat Cut 2nd Cut 3rd Cut 4th Cut 
■"“A ury — —— — • — — • 
4 vka 11. 0 11. 8 7.8 88.0 38. 8 
6 vka 21. 0 21. 5 21.0 73.8 40. 2 
A. K. F. 20. 0 3. 9 5.7 84.2 23.0 
LSD 0.05 na 10 10 na na 
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By the third harvest of 1986, weed content had increased in all 
the plots, the predominant species being crabgrass. Most of these 
weeds were removed by harvesting resulting in a reduction in overall 
weed content in the fourth harvest. 
To try and assess the overall change in stand composition and to 
see if there was a difference in composition due to harvesting 
treatments, total yields were expressed as alfalfa and weeds (Table 8). 
While there was an overall change in stand composition, going from a 
uniform, healthy stand of alfalfa to an alfalfa/weed composition, the 
ratio of weeds to alfalfa was highest in the plots harvested 6 weeks 
after the third harvest of the summer. 
Visual Ratings 
Visual ratings of the plots in the complete randomized block 
experiment taken in the early spring of 1986 resulted in a significant 
difference in ratings due to fall harvest treatments (Table 9). Those 
plots which were harvested 4 and 6 weeks after the third cut had a 
higher weed content compared to those harvested after the killing 
frost. This data agrees with the actual weed separations taken during 
the first harvest of 1986 (Table 6). Ratings for standability and 
vigor resulted in the 4 week and after the killing frost harvest 
treatment having significantly fuller stands with more vigorous healthy 
plants compared to the 6 week fall cutting treatment. 
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Table 7. Effect of Potaiaium on Weed Content During the Second 
Harveit of 1986. 
Potaiiium Treatment Percent Weeds 
2nd Harvest 1986 
200 (0)s kg/ha/yr 6.5 
700 (350) Kg/ha/yr 16.3 
LSD 0.05 To? 
a Potassium rate reduced in 1986. 
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Table &. Ratio of Alfalfa to Weeds on a Total Yield Basis. 
Fall Harvest 1986 Yields 
Treatment Alfalfa Weeds Total 
-Mg/ha- 
4 weeks after 
third harvest 
7. 0 4. 0 
6 weeks after 
third harvest 
6. 0 4. 5 
After Killing 
Frost 
a. 0 • 3. 4 
LSD 0. 05 ns 0. 63 
Table 9. Visual ratings of plots for weed 
con tent,standabiI ityt and vigor. Spring 1986. 
Fall Harvest Visual Rati ng» 
Management Weed Stand Vigor 
4 wks after 
third harvest 
3.9 3.0 3.0 
6 wks after 
third harvest 
3.7 1.9 1.8 
Immed. after 
killing frost 
1 . 9 3.5 3.6 
LSD 
0.05 
0.22 0.27 0.23 
• Rating: Weed 
Stand Issparse, 
Vigor 1=wea k, 5 
1=<10X, 
5sfu11; 
shea 1 thy 
5+>50X 
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Insect/Disease Ratings 
Visual rating of the root and crown tissue for insect and disease 
damage over the summer of 1986 demonstrated that fall harvesting or 
potassium fertility had no effect on Sitona scar damage or Fusarium 
crown rot. Dr. Dan Cooley of Plant Pathology isolated pathogens from 
tissue samples taken from the field, and found Fusarium sp, to be the 
predominant species. Both crown rot and Sitona damage were widespread 
across all plots and treatments. There was no significant effect on 
insect damage due to the Furadan treatments. The percent surface area 
damaged by Sitona averaged 25-50% (Table 10). All roots sampled from 
the field displayed some amount of Sitona damage. Crown rot damage 
averaged between 25-50% of the crown's diameter (Table 11), There were 
instances, however, where crown rot was not present in some plants. 
Total Nonstructural Carbohydrates 
Experiment I - Complete Randomized Block Design 
Carbohydrate levels monitored throughout the fall of 1984 did not 
indicate any significant difference in total nonstructural 
carbohydrates (TNC) levels due to fall cuttir^ treatments (Fig, 3). 
It was observed that samples harvested on October 9 demonstrated a 
significant difference in TNC due to potassium fertility. At this 
time, those plots receiving the lower potassium treatment had higher 
Table 10 1986 Sitona Damage 
Fall Harvest Sitona Feedina Damaae* 
Management let Cut 2nd Cut 3rd Cut 
4 weeks after 
third harvest 
2. 4 3. 2 2. a 
6 weeks after 
third harvest 
2. 3 2. 9 3. 2 
After Killing 2. 6 2. 5 2. 9 
Frost 
ns ns ns 
• Percent surface damaged : l=na damage, 
2= 0-25*/., 3= 25-50*/., 4= 50-75*/., 5= 75-100*/.. 
Tabl* 11 Crovn Rot Damag* 
Fall Harvaat 
Hanagamant lat Cut 
Crovn Rot* 
2nd Cut 3rd Cut 
4 vaaka aftar 
third harvaat 
2. 7 2. 9 3. 4 
6 vaaka altar 
third harvaat 
2. 7 3. 4 3. 5 
Altar Killing 
Froat 
• 
2. 5 3. 3 2. 8 
na na na 
• Parcant crovn croaa aactlon araa daraagad: l>no damaga 
2»0-2SX, 3»25-50X, 4*50-75%, 5*75-100%. 
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TNC levels (31.2Z) than those receiving the higher fertility treatment 
(26.9Z TNC). At the final sampling date (October 16, 1985), there was 
a slight potassium X harvest interaction. Plots that were harvested 
four weeks after the third harvest indicated higher TNC values for the 
plots receiving the highest level of potassium fertility. 
Observation of changes in TNC levels over time in the fall of 1984 
(Fig. 3) indicate the characteristic drop in TNC levels after the third 
harvest, followed by an increase in TNC levels up to the beginning of 
the fourth harvest. 
The 4 week harvest treatment which was harvested on 9/18/84 did 
not decrease in TNC levels following this fourth cutting, the 6 week 
treatment demonstrated a slight decline in TNC levels following a 
harvest on 10/2/84, and the treatment harvested after the killing frost 
continued to increase until the last sampling date of 10/16/84. It 
should be noted that the killing frost (-24(^ C) in 1984 occurred on 
11/1/84. Root sampling should have continued until this date, and a 
sample taken after the plant had gone dormant would have been helpful 
in determining TNC status of the plants going into winter. This type 
of sampling was carried out the following year. 
Sampling for carbohydrates reserves in 1985 began in the Spring of 
the 1985 season. There was a significant difference in carbohydrate 
levels due to fall cutting treatments in root samples harvested on 
5/8/85 (Fig. 4). At this date, those plots harvested after the killing 
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CARBOHYDRATE LEVELS 1984 
LSD 0.05 
— -4 I « « ♦ « « « « t 
a/21 8/29 0/4 0/11 0/18 0/25 10/2 10/0 10/16 
Sampling Date 
Figure 3. Carbohydrate trends following the final summer harvest 
and throughout the fall of 1984. Arrows indicate 
harvest dates of 4 week» 6 week, and after the killing 
frost fall management treatments. 
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frost had significantly lower TNG values compared with the 4 week and 6 
week treatments. At the time of the first harvest, (5/29/85), the 
after killing frost treatment had increased the TNG value, but still 
was significantly lower than the 4 week fall harvest treatment. 
The reduction in TNG values following the first harvest was not 
significantly different due to fall harvest treatment (Figure 4). At 
the time of the second harvest TNG levels had increased, however, plots 
that had been harvested after the killing frost were still 
significantly lower than those harvested 4 weeks after the third 
cutting the previous fall. There was no significant difference in TNG 
levels between harvest treatments following the second harvest of the 
summer. It was not until samples were taken at the time of the fourth 
harvest that a significant difference in TNG levels was observed due to 
fall harvesting interval. 
It should be noted that the data in Figure 4 for the fourth 
harvest represents only those plots harvested at the particular fourth 
harvest date. For example, roots sampled at the 4 week cutting 
interval were sampled only from those plots being harvested at this 
time. As the regrowth time following the third harvest and prior to 
the fourth harvest increased, the TNG reserves also increased (Fig. 2). 
A measure of TNG levels determined at the time the plants were dormant 
indicated that fall harvest treatments had no effect on TNG levels of 
the plants going into winter 
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SampUng Dates 
Figure 4. Carbohydrate trends throughout the growing season and 
during the fall of 1985. Arrows Indicate harvest 
dates. 
Carbohydrate levels measured from plants dug out of the field in 
the Spring of 1986 indicated no significant difference in TNG levels 
due to fall harvesting treatments (Figure 5). Similarly, TNG levels 
measured throughout the summer at each of the harvest dates did not 
indicate any difference in TNG reserves due to fall cutting treatment 
Elxperiment II - Central Composite Design 
Total nonstructural carbohydrate (TNG) trends in this experiment 
followed trends similar to those in the complete randomized designnnn 
experiment. Sampling of the roots began at the time of the third 
cutting in 1984, and continued through the fall of that year. As in 
the randomized block experiment, TNG levels dropped following the third 
harvest of summer (Figure 6), Following the decline in TNG values 
after the third cut, TNG levels began to increase until the time of the 
fourth cutting. Unlike the completely randomized experiment, a 
decrease in TNG levels following the fourth cutting was observed in all 
cutting treatments. While this slight decrease in TNG levels following 
the fourth cutting was observed, all treatments increased in TNG values 
and leveled off before entering the winter. 
Carbohydrate levels monitored throughout the summer of 1985 
(Figure 7) followed the cyclic pattern of peaking at harvest time, 
followed by depletion during the initial regrowth period. In the fall 
of 1985, TNG levels for each harvest date increased and then leveled 
off going into winter. The longer the regrowth period between the 
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final harvest of summer and the fall harvest date, the greater the 
amount of TNG accumulated in the roots. Those plots harvested 42 days 
after the third cut had the highest level of TNG at the time of the 
fourth harvest. TNG levels were not monitored in 1986 as most of the 
plots in this experiment were winter killed the previous January. 
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CARBOHYDRATE LEVELS 1986 
SAMPUNG DATES 
rigur* S'. Carbohydrate lavala In tha apring and at each 
during tha aumnar of 1986. 
harvaat 
R
oo
ts
 a
nd
 C
ro
w
ns
 
46 
CARBOHYDRATE LEVELS 1984 
Central Composit Design 
Sampling Dates 
Figure 6. Carbohydrate trends throughout the growing season and 
during the fall of 1984. 
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CARBOHYDRATE LEVELS 1985 
Central Composit Design 
5/22 5/10 7/17 8/14 0/11 10/0 11/5 
Sampling Data 
Figure 7. Carbohydrate trends throughout the growing season and 
during the fall of 1985. Arrows indicate harvest 
dates. 
CHAPTER V 
DISCUSSION 
Although much work has been done on cutting management of alfalfa, 
the question of whether or not to take a fall cutting still remains 
open to discussion. Farmers are still asking extension agents if and 
when a fall cutting should be taken. 
The recommendation coming out of Pennsylvania State University in 
1983, and upon which this study was based, determined that a fall 
cutting is possible if taken 45-50 days following the third and final 
cutting of the summer. This recommendation has been both supported 
(Stringer 1982, Tesar 1985) and disputed (Sheaffer 1986). The current 
Pennsylvania State Agronomy Guide, while mentioning the possibility of 
taking a fourth cutting in the fall, still strongly recommends taking 
three cuts in the summer and if a fall cut is taken, waiting till after 
the killing frost. So even though Dr. Stringer's work suggested a fall 
cutting is possible, Pennsylvania State University is reluctant to 
adopt this recommendation. 
In this experiment, a decrease in alfalfa yields resulted in 1986, 
two years after fall cutting treatments had been initiated. The 
reduction in yields was also associated with an increase in the weed 
population and widespread insect and disease damage to the roots of the 
plant. 
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The puzzling aspect of this experiment is determining what has 
caused the reduction in yield and accompanying weed and insect 
infestations. Potassium fertility and total nonstructural carbohydrate 
reserves have both been associated with the health and longevity of 
alfalfa stands (43). 
In this study, potassium had no effect on yields, carbohydrate 
reserves, insect or disease incidence. Plants sampled from both the 
high and low fertility treatments contained adequate levels of 
potassium in their tissues. Such results have been found by other 
researchers (Lutz 1973, Gottlieb, personal communication). Other 
studies being conducted in South Deerfield on similar soils have 
demonstrated no reduction in yields of corn plants growing on soil that 
had received no potassium fertility for two years. A possible 
explanation of these results could be that their are adequate potassium 
reserves in the soil to grow a crop for two to three years without 
observing a potassium deficiency or as Dr. Lutz concluded that deep 
rooted crops such as alfalfa are probably utilizing exchangeable 
potassium from below the 0-15 cm depth and when soils are high in 
exchangeable potassium, an effect on yields due to potassium fertility 
may not be noted. An explanation for the lack of a potassium effect on 
carbohydrate reserves and disease incidence could be the same as that 
for yields. 
Total nonstructural carbohydrates and the importance of these 
reserves in the root have been the basis of most of the management 
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practices being recommended to farmers today. The main emphasis of the 
recommendation not to harvest alfalfa during the fall was that such a 
harvest would reduce total nonstructural carbohydrate reserves of 
plants entering the winter, thus making them more susceptible to winter 
injury. In this study, a reduction in total nonstructural 
carbohydrates due to fall cutting treatments was not observed. 
During both the 1984 and 1985 season, the final harvest of the 
summer was taken on August 21st, resulting in the fall harvest 
treatments for both these years occurring on September 18th and October 
2nd, In 1984, the killing frost did not occur until November ist^ 
leaving an adequate growth period (6 weeks for the Sept. 18th harvest 
and 4 weeks for the Oct. 2nd harvest) following the fall cut and prior 
to the killing frost. In 1985, the killing frost occurred on October 
22nd leaving an adequate regrowth period for the September 18th 
treatment, but only three weeks for the October 2nd treatment. The 
October 2nd treatment, however, follows the recommendation of Stringer 
(44) and Tesar (45) which states that it is the regrowth period 
following the final harvest of summer and the fall harvest period that 
is important to winter survival, and not the weeks prior to the killing 
frost. In both 1984 and 1985, due to the timing of either the fall 
harvest treatment or the killing frost, there was no difference 
between, nor reduction of, carbohydrate levels due to fall cutting 
treatments. 
Carbohydrate levels monitored throughout the summer in 1985 
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followed the typical cyclic pattern recorded in the literature of 
alfalfa harvesting studies. In 1986, total nonstructural levels 
monitored in the early spring and at each harvest date were much lower 
at each harvest compared to the previous two years. 
Along with this reduction in carbohydrate levels, there was a 
reduction in yields, an increase in weeds and an overall thinning of 
the stand. The reasons for this weakening of the alfalfa stand could 
be several. First, during the winter of 1985, heavy rains in January 
followed by a cold period resulted in ice sheets forming on the field. 
These ice sheets can cause suffocation and eventually death of the 
plants due to the buildup of carbon dioxide under the ice (40). 
Secondly, by taking a fourth cutting in the fall, instead of letting 
the plants continue to grow until the tops die back after the frost, 
removes most of the stubble leaving less plant material to act as a 
ground cover or catch winter snows, both of which insulate the crowns 
of the plant from freezing temperatures. Finally, as Dr. Scheaffer 
(36) mentions in his study on fall harvesting, a reduction in yields 
and stand thinning was not recognized until three years after fall 
cutting treatments had been initiated. In this experiment, a reduction 
in yields was not noted until two years after fall cutting treatments 
were initiated. 
To summarize the important points of this experiment, while fall 
cutting had no effect on yields in 1985, there was an overall reduction 
in yields and a significant difference in 1986 yields due to fall 
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cutting treatments, with the lowest yields resulting from the harvest 
treatment taken six weeks after the final harvest of summer. Unlike 
Dr. Scheaffer's experiment, fall harvesting did not increase yields 
enough to suggest it would be worth risking the possibility of winter 
injury and stand decline. 
Appendix Table 12. Fourth Harvest Yields 1984 
Source DF Mean Square F Value 
Harvest 2 0.171 18.2** 
K Rate 1 0.003 0.3 
Rep 2 0.082 8.7** 
Harv X K Rate 2 0.049 5.2* 
Error 10 0.009 1.0 
• Significant at 5Z level 
** Significant at 1 .OZ level 
Appendix Table 13. Total Yields 1984 
• 
Source DF Mean Square F Value 
Harvest 2 0.45 3.3 
K Rate 1 0.10 0.7 
Rep 2 0.57 4.1 
Harv X K Rate 2 0.45 3.3 
Error 10 0.14 1.0 
No Significance 
Appendix Table 14. Fourth Cut Yields 1985 
Source DF Mean Square F Value 
Harvest 2 0.562 158.2*' 
K Rate 1 0.019 5.2 
Rep 2 0.003 0.8 
Harv X K Rate 2 0.034 9.7 
Residual 10 0.004 1.0 
•• Significant at the l.OZ level 
Appendix Table 15. Total Yields 1985 
Sorce DF Mean Square F Value 
Harvest 1 1.10 1.8 
K Rate 2 0.41 0.7 
Rep 2 0.60 0.0 
Harv X Krate 2 0.69 1.1 
Error 10 0.61 1.0 
No Significance 
Appendix Table 16 . Spring Yields 1986 
Source DF Mean Square F Value 
Harvest 2 0.178 19.3** 
Krate 1 0.029 3.1 
Rep 2 0.001 0.1 
Harvest X Krate 2 0.029 3.2 
Error 10 0.009 1.0 
•• Significant at the IZ level. 
Appendix Table 17. Total Yields 1986 
Source DF Mean Square F Vail 
Harvest 2 0.8 4.7* 
Krate 1 0.0 0.1 
Rep 2 0.3 1.8 
Furadan 1 0.2 1.3 
Harv. X Krate 2 0.7 4.6* 
Harv. X Furad. 2 0.1 0.8 
Krate X Furad. 1 0.0 0.1 
H X K X R X F 4 0.0 0.2 
Error 20 0.2 1.0 
Sig. at 5Z level 
Appendix Table 18. Z K in Plant - 1st Harvest 1985 
Source DF Mean Square F Value 
Harvest 2 0.16 1.2 
K rate 1 0.15 1.1 
Rep 2 0.05 0.4 
Harv. X K rate 2 0.19 1.4 
Error 10 0.13 1.0 
No Significance 
Appendix Table 19. Z K in Plant - 2nd Harvest 1985 
Source DF Mean Square F Value 
Harvest 2 0.16 1.2 
K Rate 1 0.15 1.1 
Rep 2 0.05 0.4 
Harv X Krate 2 0.19 1.4 
Error 10 0.13 1.0 
No Significance 
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Appendix Table 20. Z K in Plant - - 1985 3rd Cut 
Source DF Mean Square F Value 
Harvest 2 0.00 0.01 
K Rate 1 1.93 22.7** 
Rep 2 0.30 0.3 
Harv. X Krate 2 0.07 0.8 
Error 10 0.09 1.0 
Significant at the 1. ,0Z level. 
Appendix Table 21. Z K in Plant - 1st Harvest 1986 
Source DF Mean Square F Value 
Harvest 2 0.19 0.41 
K Rate 1 4.23 9.09* 
Rep 2 0.11 0.23 
Harv. X K Rate 2 0.40 0.86 
Error 10 0.47 1.00 
Significant at the 5Z level 
Appendix Table 22. Z K in Plant - 2nd Harvest 1986 
Source DF Mean Square F Valu( 
Harvest 2 0.18 0.40 
K Rate 1 0.20 0.43 
Rep 2 0.12 0.26 
Harv. X K Rate 2 1.16 2.50 
Error 10 0.47 1.00 
No Significance 
Appemdix Table 23. Z K in Plant - 3rd Harvest 1986 
Source DF Mean Square F Valu« 
Harvest 2 0.05 0.20 
K Rate 1 
CM
 • 5.90' 
Rep 2 0.05 0.20 
Harv. X K Rate 2 0.72 3.40 
Error 10 0.21 1.00 
Significant at the 5Z level 
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Appendix Table Ik. Weed Content at Third Cutting 1985 
Source DF Mean Square F Value 
Harvest 2 0.145 0.988 
K Rate 1 0.0019 0.131 
Rep 2 0.0195 1.324 
Harv. X K Rate 2 0.0316 2.146 
Error 10 0.0147 1.000 
No Significance 
Appendix Table 25. Weed content - 1st Cut 1986 
Source DF Mean Square F Value 
Harvest 2 .0468 7.675** 
K Rate 1 .0056 0.919 
Rep 2 .0135 2.222 
Harv. X K Rate 2 .0061 1.00 
Significant at 1 Z level 
Appendix Table 26. Weed Content - 2nd Cut 
Source DF Mean Square F Value 
Harvest 2 0.055A 10.599** 
Krate 1 0.0576 11.006** 
Rep 1 0.0156 2.980 
Furadan 1 0.0008 0.152 
Harv. X Krate 2 0.0112 2.136 
Krate x Furad 1 0.0001 0.020 
Harv. X Furad. 2 0.0046 0.884 
H X F X K 2 0.0295 5.642 
Error 11 0.0052 1.000 
** Significant at the 1 Z level 
Differencd in D.F. due to sampling from only two replications 
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Appendix Table 27. Weed Content - 3rd Harvest 1986 
Source DF Mean Square F Value 
Harvest 2 0.039 1.40 
Krate 1 0.112 4.01 
Rep 2 0.010 0.37 
Furadan 1 0.007 0.24 
Harv. X Furad. 1 0.002 0.07 
Harv. X Furad. 2 0.003 0.12 
Krate x Furad. 2 0.000 0.02 
H X K X F 2 0.006 0.23 
Error 22 0.028 1.00 
No Significance 
Appendix Table 28. Spring Rating - Weeds - 1986 
Source DF Mean Square F Value 
Harvest 2 . 7.63 43.5** 
Krate 1 0.11 0.6 
Rep 2 0.03 0.2 
Harv, X Krate 2 0.51 2.9 
Error 10 0.18 1.0 
*• Significant at the 12 level 
Appendix Table 29. Spring Rating - Stand Rating - 1986 
Source DF Mean Square F Value 
Harvest 2 3.43 12.57** 
Krate 1 1.28 4.70 
Rep 2 0.06 0.21 
Harv. X Krate 2 1.17 4.30 
Error 10 0.27 1.00 
Significant at the 1 Z level 
Appendix Table 30. Spring Rating - Vigor - 1986 
Source DF Mean Square F Value 
Harvest 2 4.74 24.33** 
Krate 1 0.20 1.03 
Rep 2 0.28 1.46 
Harvest x Krate 2 0.89 4.55* 
Error 10 0.20 1.00 
• Significance at the 5Z level 
**Significance at the 12 level 
Appendix Table 31 . Sitona Damage Ratings - 1986 - 1st Harvest 
Source DF Mean Square F Value 
Harvest 2 0.05 0.14 
Krate 1 0.09 0.26 
Rep 2 0.09 0.25 
Harv, X Krate 2 0.29 0.81 
Error 10 0.36 1.00 
No Significance 
Appendix Table 32. Sitona Damage Ratings - 1986 - 2nd Harvest 
Source DF Mean Square F Value 
Harvest 2 1.06 2.47 
Krate 1 0.19 0.44 
Rep 2 0.43 0.99 
Furadan 1 0.13 0.31 
Harv. X Krate 2 0.63 1.46 
Harv. X Furad. 2 0.03 0.06 
Krate x Furad. 1 0.32 0.75 
H X K X F 2 0.05 0.12 
Error 22 0.43 1.00 
No significance 
Appendix Table 33. Sitona Damage Ratings - 1986 - 3rd Harvest 
Source DF Mean Square F Value 
Harvest 2 0.43 1.28 
Krate 1 0.42 1.25 
Rep 2 0.04 0.11 
Furadan 1 1.56 4.63 
Harv, X Krate 2 0.36 1.08 
Harv. X Furad. 2 1.12 3.32 
Krate x Furad. 1 0.12 0.36 
H X K X F 22 0.34 1.00 
No Significance 
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Appendix Table 34. Crown Damage Ratings - 1986 - 1st Harvest 
Source DF Mean Square F Value 
Harvest 2 0.05 0.11 
Krate 1 0.89 1.91 
Rep 2 6.10 13.10** 
Harv. X Krate 2 1.25 2.69 
Error 10 0.47 1.00 
** Significant at the 12 level 
Appendix Table 35. Crown Damage Ratings - 1986 - 2nd Cutting 
Source DF Mean Square F Value 
Harvest 2 0.78 0. 
Krate 1 3.42 4.25 
Rep 2 0.25 0.32 
Furadan 1 0.02 0.03 
Harvest x Krate 2 0.50 0.62 
Harv. X Furad. 2 2.81 3.49 
Krate x Furad. 1 0.00 0.01 
H X K X F 2 1.22 1.59 
Error 22 0.80 1.00 
No Significance 
Appendix Table 36. Crown Damage - 1986 - 3rd Harvest 
Source DF Mean Square F Value 
Harvest 2 1.46 3.03 
Krate 1 0.16 0.33 
Rep 2 0.58 1.20 
Furadan 1 1.21 2.51 
Harv. X Krate 2 0.40 0.83 
Harv. X Furad. 2 0.05 0.10 
Krate x Furad. 1 0.32 0.67 
H X K X F 2 0.02 0.04 
Error 22 0.48 1.00 
No Significance 
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